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(57) ABSTRACT

A system to select a type of satellite from a plurality of types
of satellites 1n a multi-constellation of satellites 1s provided.
The system 1ncludes at least a first recerver configured to
input signals from a first type of satellite and a second
receiver configured to mput signals from a second type of
satellite and a processor. The processor: executes a multi-
constellation-selection software module to associate a cur-
rent position with a mapping feature and select at least one
selected type of satellite from the plurality of types of
satellites based on the associated mapping feature; executes
a compute-position/velocity/time (PVT) software module to
compute a current position/velocity/time based on at least
one selected mput signal mput at a recerver associated with
the at least one selected type of satellite; and feeds the
computed current position/velocity/time to the multi-con-
stellation-selection software module based on the execution
of the compute-PV'T software module.

10 Claims, 12 Drawing Sheets

600

F-
2
I

input a plurality of signals from o multi-consteliation of satellites
including at Jeast twa types of satellites

'

o
-
=

input information indicative of a current position at a multi-
constellation-selection software module

'

L
L
O

associate the current position with a mapping feature in a database
of the multi-constellation-selection software module

'

L
=
oo

nssociate the mapping feature in the database with a gecpolitical
regicn or an (nternatiohal region in the database

'

o
ru_ry
[l

select a type of satellite from the at least two types of satellites based
on the geopolitical region or the international region asseciated
mapping feature

'

o
[y
P

compute a current position/velocity/time at a compute-PYT
software module

'

feed the computed current BVT to the multi-constellation-selection
software module from the compute-PVT sof tware module

'

implement rules for the selected type of satellite

< G




US 10,094,934 B2

Page 2
(56) References Cited 2004/0189515 Al1* 9/2004 VannuccCi ................ GO1S 19/03
342/357.29
U.S. PATENT DOCUMENTS 2006/0158372 Al*  7/2006 Heine ..oooovveveovn. GO1S 19/07
342/357.31
6,081,691 A * 6/2000 Renard ..o GO1S 19/33 2007/0005244 Al  1/2007 Nadkarni
349/357 73 2008/0194269 Al  8/2008 Abernethy et al.
6,469,663 Bl * 10/2002 Whitehead .............. GO1S 19/44 2009/0234580 Al1* 9/2009 Fernandez-Hernandez .................
342/357 31 GO1C 21/30
7.683,829 B2*  3/2010 Lin ..oooovveeerrreeeennnn.n, GO01S 19/21 701/436
147/357 73 2011/0039576 Al* 2/2011 Prakash ............. GO1S 5/0236
8,358,243 B2*  1/2013 Lin ecvovoveeeeienr, GO1S 19/05 | 455/456.1
347/357 49 2011/0112765 Al 5/2011 Lai
8,493,268 B2*  7/2013 Warloe .................... GO1S 19/33 201170193744 Al™ 82011 Warloe ..o GOLS 19/33
342/357.75 342/357.73
* =k
8.620.306 B2  12/2013 Pon et al. 2011/0219009 Al 0/2011 Rosenfeld .............. G01;30§/17/j§
. el
8,624,778 B2® 1/2014 Synarinne .............. %3;/83;3/23 2012/0029817 Al* 2/2012 Khorashadi ........... GO1C 21/20
8.803.734 B2* 8/2014 Wirola ..o, GOLS 5/0063 0130169468 Al 65013 Kim of al 701451
342/357.42 2014/0085139 ALl* 3/2014 Leandro ............. GO1S 19/03
8.990.000 B2* 3/2015 Lennen ............ GO1S 19/34 42357 97
| 340/7.32 2014/0368379 ALl* 12/2014 Lennen ........... GO1S 19/33
0.448,540 B2* 9/2016 Baba .ococovvvvvvvvn.. GO1S 19/24 342/357 5
9,784,847 B1* 10/2017 Barsby ........cc........ GOIS 19/15 2016/0178752 Al*  6/2016 DAaVvieS oooovevoonr. GO1S 19/20
9,897,701 B2$ 2/208 Saglraju .................. GOISQ/ZI 342/35758
2004/0088111 Al* 5/2004 Ahlbrecht ............. GO1S 5/0009
701/471 * cited by examiner



US 10,094,934 B2
s
Q!
—
L

Sheet 1 of 12

Oct. 9, 2018

U.S. Patent



US 10,094,934 B2

Sheet 2 of 12

Oct. 9, 2018

U.S. Patent

Vi 914

08
Wnipaw 260404

(2L ‘AL120[2A ‘UoiLisod) DLop ADN

0gl

1Ad 24ndwo)

2504 DJOP | ¥'S/029

U01}02]|25-U014D||245U0- L [NW

ovl
buissa20ud

U01422402 JUWRJNSDIW

!

0Gc¢

ioubig uo1pbiADN
1-09¢

O¢l

10552204

(34
Xd yilN

| 221
XY pud

121

Xd sl

£-00¢

2-002
i

indut |
DUU2LUY

1-00¢

001
WaLsAS SHOW

$2}1[|24Ds J0 sadA|
40 ALI{oJn|d D WioJ
s[oubis 241]|2405

¢-00¢ ¢-00¢

1-00¢

/\

G8



ac¢ 914

1oubig uo1LobiADN]
£-09¢

US 10,094,934 B2

08
Wnipaw 260401G

0€T

c-0cz | 40852204

M (2wi). "AJ120[2A ‘uo1isod) DLDP ADN
e,
m L B B ..IO....Im..IWI
72 LAd 24ndwio)

— €-00¢

Cl S$211|[2405 JO sadA|
o0 X3 N }0 Afipunid 0 Wod
S 2-002 S{oubIS 241][2405
=N qQIT £-00¢ ¢-00¢
> 25DQ DIDP 1 VS /029 H indut
C -— - DU LUY 1002

UO01L22]25-UO1LD||2LSU0I-1LINW l
XY sl

1-002
== u /\
buissadoud _ 001
U01422.4402 JURUI2UNSDAVY WaLsAs SOW 48

U.S. Patent



US 10,094,934 B2

Sheet 4 of 12

Oct. 9, 2018

U.S. Patent

D¢ 914

08

Wnipaw 2bpJoLg
(w4 'ALI20[2A ‘UoILISOd) DLDP ADN

L IOIWI.WI
1Ad 24ndwo)

¢~00¢ | 1-00¢

o1
25Dq DDP | Y5 /029

T2
LOILD2|2S-UOILD|[24SU0I-1LNW

ovl
buissao.d

U014224409 JU2W2JNSDIWY

0

G

¢

joubig uo1LpbIADN
092

(o3

| 10552204

€21

£-00¢

¢-00¢

[43
indu

DUURJUY

1-00¢

001
W2LSAS SIOW

S241{[240S Jo sadA|
40 Agijpanid o wou
s{pubis 241/|240g

£-00¢ ¢~00¢

1-00¢

/\

G8



U.S. Patent Oct. 9, 2018 Sheet 5 of 12 US 10,094,934 B2

Database
110-1

Geopolitical
region/

: Associated Associated
Geographic Internationa Grid SAT

location region point(s) type

rerrie|| (o0 | s | mis | s
i || e e | _ma T s
63 | Ewope | 760,761 102,183 | Galleo

6L- (N 1) 2893, 3025 - Beidou
7456, 7547, 9038, 9039 GLONASS

Second file
112-1

Current

FIG. 3A



U.S. Patent Oct. 9, 2018 Sheet 6 of 12 US 10,094,934 B2

FIG. 3B



U.S. Patent Oct. 9, 2018 Sheet 7 of 12 US 10,094,934 B2

Database
110-2

First file
11

Geopolitical
region/
International
region

Associated

Associated
Complex
Polygons

Current
Geographic

SAT

location type

6PS

—

Second file
112-2

FIG. 4A



U.S. Patent Oct. 9, 2018 Sheet 8 of 12 US 10,094,934 B2




U.S. Patent Oct. 9, 2018 Sheet 9 of 12 US 10,094,934 B2

Database
110-3

Geopolitical

ion/ . .
Current region Associated Associated
Geographic Infigg?;r;]oml Hybrid Mapping SAT
location Features type

First file
1

Second file
112-3

FIG. DA



U.S. Patent Oct. 9, 2018 Sheet 10 of 12 US 10,094,934 B2




U.S. Patent Oct. 9, 2018 Sheet 11 of 12 US 10,094,934 B2

input a plurality of signals from a multi-constellation of satellites

including at least two types of satellites

— ———— — . 604
input information indicative of a current position at a multi-

constellation-selection software module

. — . . 606
associate the current position with a mapping feature in a database
of the multi-constellation-selection sof tware module
. . . , — 608
associate the mapping feature in the database with a geopolitical
region or an international region in the database
.. . 610
select a type of satellite from the at least fwo types of satellites based
on the geopolitical region or the international region associated
mapping feature
— — 612
compute a current position/velocity/time at a compute-PVT
soffware module
. . . 614
feed the computed current PVT to the multi-constellation-selection
software module from the compute-PVT software module
616

implement rules for the selected type of satellite

FIG. 6



U.S. Patent Oct. 9, 2018 Sheet 12 of 12 US 10,094,934 B2

02
generate one of: a grid of latitude/longitude pairs; a plurality of !
complex polygons; or at least one grid of latitude/longitude pair and at
least one complex polygon
. . . . . 704
if one or more grids of the latitude/longitude pairs are generated,
associate the latitude/longitude pairs in the grid with a respective one
of: a geopolitical region, or an international region
706

if one or more complex polygons are generated, associate the one or
more complex polygons with a respective one of: the geopolitical
region, or the international region

FIG. 7



US 10,094,934 B2

1

METHOD FOR THE GEOGRAPHICAL
SELECTION OF GLOBAL NAVIGATION
SATELLITE SYSTEM ELEMENTS

BACKGROUND

Global Navigation System (GNS) receivers have the
ability to acquire and track satellite signals from multiple
satellite constellations, such as Global Positioming System
(GPS), the Russian global navigation satellite system,
GLObal NAvigation Satellite System (GLONASS), etc. In
addition, GNSS receivers may also have the capability to
track and use Space Based Augmentation System satellites
from systems like Wide Area Application Services (WAAS),
European Geostationary Navigation Overlay Service (EG-
NOS), Multi-Function Transport Satellite (MTSAT) Satel-
lite-based Augmentation System (MSAS), and GPS Aided
Geosynchronous Earth Orbit (GEO) Augmented Navigation
(GAGAN). A Global Navigation System Satellite (GNSS)
receiver has the ability to track and use satellites from
multiple GNSS elements, such as Satellite-Based Augmen-
tation System (SBAS), Europe’s global navigation satellite
system, which 1s named Galileo, and GLONASS.

There are customer and regulatory hurdles to using the
teatures of these GNSS elements 1n all airspaces so not all
satellite constellations can be used in all airspaces. For
example, a satellite constellation that 1s allowed for use (or
specifically required for use) in a particular airspace 1s
sometimes not allowed 1n another.

Currently, the pilot of a vehicle (e.g., a boat or an aircrait)
traversing a number of geopolitical regions must be aware of
the regulations associated with the geopolitical regions in
order avoid violating regulatory requirements 1n those geo-
political regions. The pilot must be aware when the vehicle
crosses Irom one geopolitical region to another geopolitical
region 1f he 1s to change the GNSS and/or SBAS satellite
types that can be utilized by the receiver on the vehicle. This
takes time and 1s an additional pressure on the pilot when

flying between geopolitical regions.

SUMMARY

The present application relates to a system to select one or
more types of satellites from a plurality of types of satellites
in a multi-constellation of satellites. The system includes a
plurality of receirvers including at least: a first receiver
configured to mput signals from a first type of satellite; and
a second receiver configured to 1mput signals from a second
type of satellite. The system 1ncludes a processor configured
to execute a multi-constellation-selection software module
and to execute a compute-position/velocity/time (PV'T) soit-
ware module. The multi-constellation-selection software
module 1s executed to associate a current position with a
mapping feature and select at least one selected type of
satellite from the plurality of types of satellites based on the
associated mapping feature. The compute-position/velocity/
time (PV'T) software module 1s executed 1n order to compute
a current position/velocity/time based on at least one
selected 1mput signal iput at a recerver associated with the
at least one selected type of satellite. The processor feeds the
computed current position/velocity/time to the multi-con-
stellation-selection software module based on the execution
of the compute-PV'T software module to implement rules for
the at least one selected type of satellite.

DRAWINGS

In the following detailed description, reference 1s made to
the accompanying drawings that form a part hereof, and in
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2

which 1s shown by way of illustration specific illustrative
embodiments. However, i1t 1s to be understood that other

embodiments may be utilized and that logical, mechanical,
and electrical changes may be made. Furthermore, the
method presented in the drawing figures and the specifica-
tion 1s not to be construed as limiting the order 1n which the
individual steps may be performed. The following detailed
description 1s, therefore, not to be taken 1n a limiting sense.
Embodiments of the present application can be more easily
understood and further advantages and uses thereol more
readily apparent, when considered 1n view of the description
of the preferred embodiments and the following figures 1n
which:

FIG. 1 shows a vehicle including an embodiment of a
system to select a type of satellite from a communicatively
coupled multi-constellation of satellites 1n accordance with
the present application;

FIG. 2A shows an embodiment of a system configured to
select a first type of satellite from a plurality of types of
satellites 1n a multi-constellation of satellites 1n accordance
with the present application;

FIG. 2B shows the system of FIG. 2A configured to select
an n” type of satellite from the plurality of types of satellites
in the multi-constellation of satellites:

FIG. 2C shows the system of FIG. 2A configured to select
more than one type of satellite from the plurality of types of
satellites 1n the multi-constellation of satellites;

FIG. 3A shows an embodiment of a database that includes
geographical locations associated with grid points for map-
ping features that span the earth in accordance with the
present application;

FIG. 3B shows exemplary grid points, associated with the
database of FIG. 3A, 1n a grid spanning the earth;

FIG. 4A shows an embodiment of a database that includes
geographical locations associated with complex polygons
for mapping features 1n which the complex polygons span
the earth 1n accordance with the present application;

FIG. 4B shows exemplary complex polygons, associated
with the database of FIG. 4A, spanning the earth;

FIG. 5A shows an embodiment of a database that includes
geographical locations each associated with either at least
one grid point or a complex polygon, in which the grid
points and the complex polygons, in combination, span the
carth 1n accordance with the present application;

FIG. 5B shows exemplary grid points and complex poly-
gons, associated with the database of FIG. SA, spanning the
earth:

FIG. 6 1s tlow diagram of an embodiment of a method of
selecting signals from a plurality of types of satellites 1n
accordance with the present application; and

FIG. 7 1s flow diagram of an embodiment of a method of
generating and implementing a database to select a type of
satellite from a multi-constellation of satellites for use 1n a
navigation system in accordance with the present applica-
tion.

In accordance with common practice, the various
described features are not drawn to scale but are drawn to
emphasize features relevant to the present application. Ret-
erence characters denote like elements throughout figures
and text.

DETAILED DESCRIPTION

In the following detailed description, reference 1s made to
the accompanying drawings that form a part hereotf, and in
which 1s shown by way of specific illustrative embodiments
in which the mvention may be practiced. These embodi-
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ments are described 1n sufhcient detail to enable those
skilled 1n the art to practice the invention, and 1t 1s to be
understood that other embodiments may be utilized and that
logical, mechanical, and electrical changes may be made
without departing from the scope of the present application.
The following detailed description 1s, therefore, not to be
taken 1n a limiting sense.

Embodiments of the present mvention provide systems
and methods for vehicular navigation purposes, to select for
implementation of one or more types of satellites from a
plurality of types of satellites. As defined herein, a “con-
stellation of satellites™ includes a plurality of a specific type
of satellite (for example, a plurality of GPS satellites, a
plurality of GLONASS satellites, or a plurality of Beidou
satellites). As defined herein, a “multi-constellation of sat-
cllites” 1s a plurality of constellations of satellites that
include more than one type of satellite (for example: GPS
satellites and GLONASS satellites; GPS satellites and Bei-
dou satellites; or GPS satellites, GLONASS satellites, and
Beidou satellites). The vehicle generally 1s only in view of
a subset of the complete set of satellites 1n a constellation of
satellites at any given time. It 1s also to be understood that
a given vehicle may be 1n view of and able to communica-
tively couple to a single type of satellite at a given time and
location. The vehicle may move into view of more than one
type of satellite at a later time. Likewise, different types of
satellites may move 1nto view of the vehicle, even 1f the
vehicle 1s stationary.

Types of satellites include satellites from the following
types of navigation satellite systems: GLONASS, Galileo
(the Satellite navigation system built by the European
Union), GPS, Indian Regional Navigation Satellite System
(IRNSS), Beidou (the Chinese satellite navigation system),
and any other satellite system that 1s associated with a
geopolitical unit (e.g., a country, or a grouping of allied
countries). The types of satellites also include SBAS satel-
lites, including, but not limited to, WAAS, EGNOS, MSAS,
and GAGAN. The embodiments of systems and methods
described herein are also applicable to any future developed
global navigation satellite systems. Each constellation of
satellites includes associated rules for operation. Typically,
the rules for operation of a satellite system are generated by
a geopolitical unit or by a plurality of geopolitical units. A
geopolitical unit may be associated with one or more geo-
political region (for example, the European Union 1s asso-
ciated with a plurality of countries on the European conti-
nent).

Oceans that are not near any geopolitical region are
international territories. Thus, a vehicle that 1s 1n, on, or
flying over the ocean (and outside of national boundaries) 1s
in 1nternational territory. Based on the Antarctic Treaty
System (ATS), a vehicle that 1s on or flying over Antarctica
1s also 1n 1international territory. When the systems described
herein determine a vehicle 1s 1n an international territory, the
selection of a type of satellite to implement from a plurality
of types of satellites may be made based on one or more of:
signal strength for the satellites in the various available types
of satellites; a selection by a crew member at the time; a
range of the currently available types of satellites; the
number of available satellites in the constellation; a random
selection; and/or a preselected type of satellite. Other con-
siderations are possible. A preselected type of satellite can be
stored 1n the database. In one implementation of this
embodiment, the preselected type of satellite 1s based on the
geopolitical afliliation of the vehicle owner. In another
implementation of this embodiment, the preselected type of
satellite 1s based on the geopolitical afliliation of the pilot.
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When a vehicle 1s operational 1n or above a geopolitical
region, the selection of the one or more types of satellite 1s
made based on a current position of a vehicle, and an
implementation of a database that uses mapping features to
correlate the current position with a geopolitical region. The
rules that apply to the GNS satellites 1n the geopolitical
region are i1mplemented based on the selection. The
described geopolitical regions are detailed, bounded 1n size,
and eflicient to use. The mapping features are grid points
and/or complex polygons that span the earth.

The database 1s part of a multi-constellation-selection
(MCS) software module (function). The database 1s also

referred to herein as an “MCS database”. The MCS-database
1s accessed by a processor for implementing the MCS
function. In one implementation of this embodiment, the
processor contains soitware that: 1) determines the current
position; 2) finds (e.g., with hysteresis) the nearest grid point
(1.e., a latitude/longitude pair) 1n a grid; 3) determines the
region associated with that grid point; 4) determines the
rules for GNSS/SBAS usage that apply 1n that region; and 5)
properly selects the one or more types of satellites according
to the rules for that region.

In another implementation of this embodiment, the pro-
cessor contains software that: 1) determines the current
position; 2) finds which complex polygon 1s associated with
the current position; 3) determines the region associated
with that complex polygon; 4) determines the rules for
GNSS/SBAS usage that apply 1n that region; and 5) properly
selects the one or more types of satellites according to the
rules for that region.

In yet another implementation of this embodiment, the
processor contains software that 1) determines the current
position; 2) finds which complex polygon or grid point in a
or1d 1s associated with the current position; 3) determines the
region associated with that complex polygon or grid point;
4) determines the rules for GNSS/SBAS usage that apply 1n
that region; and 5) properly selects the one or more types of
satellites according to the rules for that region.

FIG. 1 shows a vehicle 10 including an embodiment of a
system 100 to select a type of satellite 71, 72, or 73 from a
communicatively coupled multi-constellation 50 of satellites
60(1-N), 61(1-N), and 62(1-N) 1n accordance with the
present application. The system 100 1s positioned on the
vehicle 10. The satellites 60(1-N) are a subset of the satel-
lites 1n a constellation of satellites 60 comprising satellites of
a first type (e.g., a first type of satellite 71). The satellites
60(1-N) are communicatively coupled to the vehicle 10 by
a respective communication link 160(1-N).

Satellites 61(1-N) are a subset of the satellites mn a
constellation of satellites 61 comprising satellites of a sec-
ond type (e.g., a second type of satellite 72). Satellites
61(1-N) are communicatively coupled to the vehicle 10 by
a respective communication links represented generally at
161-1 and 161-N.

Satellites 62(1-N) are a subset of the satellites 1n a
constellation of satellites 62 comprising satellites of an n™
type (e.g., an n” type of satellite 73), where n is positive
integer. Satellites 62(1-N) are communicatively coupled to
the vehicle 10 by a respective communication link repre-
sented generally at 162-1 and 162-N. The communication
links 160-i, 161-j, and 162-% are wireless communication
links, where i, j, and k indicate an i”, a i, and a k”
communication link.

As shown 1n FIG. 1, the vehicle 10 1s an aircraft 10 flying
over the earth 11. In one implementation of this embodi-
ment, the vehicle 10 1s a water-based vehicle 10 or a

land-based vehicle 10.
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The system 100 on the vehicle 10 1s now described with
retference to FIGS. 2A-2C. FIG. 2A shows an embodiment
of a system 100 configured to select a first type of satellite
60 from a plurality of types of satellites 71-73 1n a multi-
constellation of satellites 50 (FIG. 1) in accordance with the
present application. FIG. 2B shows the system 100 of FIG.
2A configured to select an n” type of satellite 62 from the
plurality of types of satellites 71-73 1n the multi-constella-
tion 50 of satellites 60(1-N), 61(1-N), and 62(1-N). FIG. 2C
shows the system 100 of FIG. 2A configured to select more
than one type of satellite 60, 61, and 62 from the plurality of
types of satellites 60, 61, and 62 1n the multi-constellation 50
of satellites 60(1-N), 61(1-N), and 62(1-N).

The system 100 1s also referred to herein as a “multi-
constellation-selection (MCS) system 100 or “a navigation
system 1007

The MCS system 100 includes an antenna mput 115, a
plurality of receivers 121-123, and a processor 130 config-
ured to execute software stored 1n a storage medium 80. As
defined herein, a receiver 1s an element that 1s capable of
receiving signals from a specific type of satellite. As 1s
understandable to one skilled 1n the art, the plurality of
receivers 121-123 can be combined 1n a single device that 1s
capable of recetving signals from a respective plurality of
types of satellite. Thus, the plurality of receivers 121-123
can be a single receiver device and the antenna input 115 1s
built into this single receiver device. Also, a single recetver
can track satellites from multiple SBAS systems in which
case the selections (200-1, 200-2, 200-3 would not really
correspond to the measurements by different receivers).
Measurements by a single receiver may not all be used by
the software in this case and would depend on the SBAS
selection rules for the current geopolitical region.

The software includes a measurement correction process-
ing software module 140, multi-constellation-selection soit-
ware module 145, and a compute-position/velocity/time
(PVT) software module 150. The multi-constellation-selec-
tion soitware module 145 includes at least one database
(Geo/SAT database) 110. The database 110 correlates the
plurality of type of satellites to geopolitical regions and
international regions on the earth 11.

At least one antenna 835 (shown as a single antenna 85 1n
FIGS. 2A-2C) on the vehicle 10 1s communicatively coupled
to the antenna mput 1135 1n the MCS system 100. The signals
from the first type of satellite 71 that are output from the
antenna 85 to the antenna mput 115 are represented gener-
ally at 200-1. The signals from the second type of satellite
72 that are output from the antenna 85 to the antenna 1nput
115 are represented generally at 200-2. The signals from the
n” type of satellite 73 that are output from the antenna 85 to
the antenna mput 115 are represented generally at 200-3.

The MCS system 100 selects a type of satellite 71, 72, or
73 from the plurality of types of satellites 71, 72, and 73 1n
a multi-constellation of satellites 50 that are currently in
view ol the antenna 85. The compute-PV'T software module
150 1s configured to process the satellite signals 200(1-3)
received from one or more of the plurality of types of
satellites 71-73 1n accordance with the rules related to the
respective satellite constellations 60-62.

As the vehicle 10 moves above or on the earth 11, the
processor 130 may change which type of satellite signals are
processed by the compute-PVT software module 150 as the
vehicle 10 moves from one geopolitical region to another
geopolitical region. Likewise, as the vehicle 10 1s stationary
on the earth 11, the processor 130 may change which type
of satellite signals are processed by the compute-PV'T sofit-
ware module 150 i1 the satellites that are of the currently
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selected type of satellite move out of range (out of the view)
of the vehicle 10. In this manner, MCS system 100 auto-
matically implements the rules for a geopolitical region,
without using any 1nput from the pilot of the vehicle 10. The
MCS system 100 automatically implements the rules for a
second geopolitical region when the vehicle 10 moves from
a first geopolitical region to the second geopolitical region.
Likewise, the MCS system 100 automatically implements
the rules for a geopolitical region when the vehicle 10 moves
from an international region to a geopolitical region.

Each of the plurality of receivers 121, 122, and 123 1s
configured to mput a type of satellite signal 200-1, 200-2,
and 200-3, respectively, from a particular type of satellite
(e.g., type of satellite 71, 72, and 73, respectively). As 1s
known to one skilled 1n the art, a filter and/or switching
fabric between the antenna input 110 and the receivers 121,
122, and 123 directs each of the signals 200-1, 200-2, and
200-3 to the respective receivers 121, 122, and 123.

A first recerver 121 1s configured to mput signals 200-1
from the first type of satellite 71. In the embodiment shown
in FIG. 1, the first recerver 121 puts signals 200-1 from
satellites 60(1-N). A second receiver 122 1s configured to
input signals 200-2 from the second type of satellite 72. In
the embodiment shown 1n FIG. 1, the second receiver 122
inputs signals 200-2 from satellites 61(1-N). An n” receiver
123 is configured to input signals 200-2 from the n” type of
satellite 73. In the embodiment shown in FIG. 1, the n™
receiver 123 inputs signals 200-3 from satellites 62(1-IN).

The processor 130 executes the measurement correction
processing soltware module 140 and directs output from the
measurement correction processing software module 140 to
the multi-constellation-selection software module 110.

The processor 130, as shown in the embodiment of FIG.
2A, executes the multi-constellation-selection software
module 145 to: 1) associate a current position with a
mapping feature in the database 110; 2) select at least one
selected type of satellite from the plurality of types of
satellites based on the associated mapping feature; 3)
execute the compute-position/velocity/time (PV'T) software
module 150 1n order to compute a current position/velocity/
time based on at least one selected put signal mput at a
receiver associated with the at least one selected type of
satellite; and 4) feed the computed current position/velocity/
time to the multi-constellation-selection soitware module
145 based on the execution of the compute-PV'T software
module 150. By executing the compute-PVT software mod-
ule 150, the rules for the at least one selected type of satellite
are 1mplemented. In one implementation of this embodi-
ment, only one type of satellite i1s selected. In another
implementation of this embodiment, two type of satellites
are selected. In embodiments of this latter case, one of the
at least one selected type of satellite includes a SBAS,
although 1t 1s not required to select an SBAS type of satellite.
The term “selected type of satellite” as used herein 1is
indicative of “at least one selected type of satellite”.

As shown 1n FIG. 2A, the first type of satellite 71 1s the
selected type of satellite. In this case, the input signals 200-1
input at the first receiver 121 from the first type of satellite
71 are selected by the multi-constellation-selection software
module 145. Therefore, signals 200-1 pass through the
multi-constellation-selection software module 145 to the
compute-PV'T software module 150 as indicated by the solid
line labeled 200-1. There are no signals 200-2 or 200-3 being
passed to the compute-PV'T software module 150 since the
second type of satellite and the n” type of satellite were not
selected. This 1s indicated by the dashed lines with an X
connecting the multi-constellation-selection software mod-
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ule 145 and the compute-PVT software module 150. The X
indicates that the signals 200-2 and 200-3 are deselected. In
one 1implementation of this embodiment, the multi-constel-
lation-selection software module 145 (or the processor 130)
outputs shut-down signals for the signals 200-2 and 200-3 to
the compute-PVT software module 150 before or when
sending the signals 200-1 to the compute-PVT software
module 150. This 1s also referred to as implementing the
rules for the selected type of satellite 71.

The compute-PV'T software module 150 1s configured to
process signals 200-1 according to the rules of the first type
of satellite 71. In this manner, rules for the selected type of
satellite 71 are implemented by the MCS system 100. In one
implementation of this embodiment, the one or more types
of satellites are selected from a plurality of types of satellites
in a currently available Global Navigation System Satellite
(GNSS). In another implementation of this embodiment, the

first type of satellite 71 1s selected from the group consisting
of: GLONASS; Galileo; GPS; IRNSS; and Beidou.

The navigation data, including imnformation indicative of
the current position, velocity and time of the vehicle 10, 1s
output as signals 250-1 from the compute-PVT software
module 150. The processor 130 outputs a navigation signal
260-1 based on the navigation data 250-1. It 1s to be
understood that additional processing to obtain the naviga-
tion solution 1s handled by the processor 130 or other
processors 130 1n the vehicle 10. The operation of the MCS
system 100, 1n which another type of satellite 1s different
from the type of satellite (or types of satellite) selected 1n
FIG. 2A, 1s now described with reference to FIG. 2B.

As shown 1n FIG. 2B, the other type of satellite being
selected is the n™ type of satellite 73. In this case, the signals
200-3 from the n™ type of satellite 73 are selected by to
multi-constellation-selection software module 145. The n™
type of satellite 73 1s different from the first type of satellite
71. Therefore, signals 200-3 pass through the multi-constel-
lation-selection soiftware module 145 to the compute-PVT
software module 150 as indicated by the solid line labeled
200-3. There are no signals 200-1 or 200-2 being passed to
the compute-PV'T software module 150 since the first type
of satellite 71 and the second type of satellite 72 were not
selected. This 1s indicated by the dashed lines with an X
connecting the multi-constellation-selection software mod-
ule 145 and the compute-PVT software module 150. The X
indicates that the signals 200-1 and 200-2 are deselected. In
one 1implementation of this embodiment, the multi-constel-
lation-selection software module 145 (or the processor 130)
outputs shut-down signals for the signals 200-1 and 200-2 to
the compute-PVT software module 150 before or when
sending the signals 200-3 to the compute-PVT software
module 150. This 1s also referred to as implementing the
rules for the selected type of satellite 73.

As shown 1n FIG. 2C, each of three types of satellite are
selected. In this case, the signals 200-1, 200-2, and 200-3
from the first, second, and n” type of satellite 71, 72, and 73
are selected by to multi-constellation-selection software
module 145. This scenario 1s possible when the type of
satellite 1s an SBAS. In this case, signals 200-1, 200-2, and
200-3 pass through the multi-constellation-selection soft-
ware module 145 to the compute-PV'T software module 150
as indicated by the solid lines labeled 200-1, 200-2, and
200-3. There are no deselected signals.

The compute-PV'T software module 150 1s configured to
process signals 200-1, 200-2, and 200-3 according to the
rules of the first, second, and n” type of satellite 21, 72, and
73. In this manner, rules for the selected type of satellite are
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implemented by the MCS system 100. This 1s also referred
to as implementing the rules for the selected types of satellite
71, 72, and 73.

The navigation data, including information indicative of
the current position, velocity and time of the vehicle 10, 1s
output as signals 250 from the compute-PVT soltware
module 150. The processor 130 outputs a navigation signal
260 based on the navigation data 250.

The database 110 includes: the multi constellation selec-

tion database part number; a list of currently active Global
Navigation Satellite System constellations; a list of currently
active Satellite-Based Augmentation System providers; a list
of geopolitical regions; the allowed Global Navigation Sys-
tem Satellite constellations for the geopolitical regions;
Satellite-Based Augmentation System providers for the geo-
political regions; and the rules related to the various geo-
political regions. The database 110 1s also referred to herein
as an MCS database 110. In one implementation of this
embodiment, the database 110 also includes lists of indi-
vidual satellite i1dentifiers. In one implementation of this
embodiment, the database 110 includes only a single file. In
another implementation of this embodiment, the database

110 1s a plurality of databases and/or a plurality of files.

FIGS. 3A, 4A, and 5A show exemplary data bases 110
(1-3), respectively. Each of the data bases 110(1-3) include
a first file 111. The first file 111 contains information
including the MCS database part number, a list of currently
active GNSS constellations, a list of currently active SBAS
providers, a list of geopolitical regions which includes the
allowed GNSS constellations and SBAS providers for each
geopolitical region. The term “SBAS provider” refers to an
augmentation system to GNSS and each SBAS system
targets a region (WAAS 1s over the contiguous United States
of America, EGNOS 1s over Europe, GAGAN is over India,
and MSAS 1s over Japan). For example, the FAA 1s the
service provider for Wide Area Augmentation System
(WAAS), which 1s an SBAS. The United States Air Force 1s
the service provider for GPS. The European Aviation Safety
Agency (EASA) 1s the service provider for the European
Geostationary Navigation Overlay (satellite-based augmen-
tation) (EGNOS), which 1s an SBAS.

In one implementation of this embodiment, the part
number 1s contained 1n the XML element tags <part_num-
ber></part_number>. In another implementation of this
embodiment, the MCS database 110 contains one pair of
XML element tags <Constellation></Constellation> for
cach available GNSS satellite constellation. In yet another
implementation of this embodiment, the “GNSS Constella-
tion Mask™ parameter 1s a 16-bit hexadecimal value with a
unique bit assigned to each constellation. When it occurs
within a <Constellation></Constellation> patir, this param-
cter has a ‘1’ 1n the bit position assigned to the corresponding
constellation, and all other bits set to ‘0’. The entire set of
information on the GNSS constellations are encapsulated
within a pair of <GNSS_elements></GNSS_elements> tags.
The parameters and element tags for a constellation are

listed 1n Table 1 below.

TABLE 1
Parameter Element tags
Constellation name <name=>-</name>
GNSS Constellation Mask <mask></mask>

The MCS database 110 includes a pair of XML element
tags <provider></provider> for each available SBAS pro-
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vider (as defined 1n RTCA/DO-229D). The parameters and
clement tags for satellites are listed in Table 2 below.

TABLE 2
5
Parameter Element tags
Provider name <name=></name=
SBAS Provider Mask <mask></mask=

The “SBAS Provider Mask™ parameter 1s a 16-bit hexa- 1

decimal value with a unique bit assigned to each SBAS
Provider. When 1t occurs within a <provider></provider>
pair, this parameter has a ‘1’ 1n the bit position assigned to
the corresponding provider, and all other bits set to 0. The 4
entire set of information on the SBAS providers 1s encap-
sulated within a pair of <SBAS_eclements></SBAS_ele-
ments> tags.

The MCS database 110 contains a list of all geopolitical
regions. Each geopolitical region 1s encapsulated within a 20
pair of <region></region> element tags. The parameters and

clement tags for geopolitical region are listed in Table 3
below.

TABLE 3 25
Parameter Element tags
Region name <name></name=
Unique 8-bit <]D></1D>
identifier 30
GNSS <(GNSS_ constellations allowed></GNSS_ constel-
Constellation lations__ allowed>
Mask
SBAS <SBAS_ providers__allowed></SBAS__pro-
Provider viders_ allowed>
Mask

35

When occurring within a <region></region> pair, the
GNSS Constellation Mask has a ‘1’ 1n the bit position for
cach GNSS constellation that 1s allowed to be used 1n the
corresponding region. Similarly, the SBAS Provider Mask 40
has a “1” 1n the bit position for each SBAS provider that 1s
allowed to be used in the region. In one implementation of
this embodiment, the complete list of elements containing
the geopolitical regions 1s encapsulated within a pair of
<region_information></region_information>  tags. In 45
another implementation of this embodiment, the areas cov-
ered by the geopolitical regions are described using a list of
orid points (latitude/longitude pairs) obtained by dividing at
least a portion of the earth into a set of grid points as
described below with reference to FIGS. 3B and 3B. 50

The methods and techniques described here may be
implemented 1 digital electronic circuitry, or with a pro-
grammable processor (for example, a special-purpose pro-
cessor or a general-purpose processor such as a computer)
firmware, soiftware, or in combinations of them. Apparatus 55
embodying these techniques may include appropriate input
and output devices, a programmable processor, and a storage
medium tangibly embodying program instructions for
execution by the programmable processor. A process
embodying these techniques may be performed by a pro- 60
grammable processor executing a program of instructions to
perform desired functions by operating on mput data and
generating appropriate output. The techniques may advan-
tageously be implemented in one or more programs that are
executable on a programmable system including at least one 65
programmable processor coupled to receive data and
instructions from, and to transmit data and instructions to, a

10

data storage system, at least one input device, and at least
one output device. Generally, a processor receives instruc-
tions and data from a read-only memory and/or a random
access memory.

Storage devices suitable for tangibly embodying com-
puter program instructions and data include all forms of
non-volatile memory, mcluding by way of example semi-
conductor memory devices, such as EPROM, EEPROM,
and flash memory devices; magnetic disks such as internal
hard disks and removable disks; magneto-optical disks; and
DVD disks. Any of the foregoing may be supplemented by,
or incorporated 1n, specially-designed application-specific
integrated circuits (ASICs).”

Embodiments of exemplary databases 110-1, 110-2, and
110-3 are now described with reference to FIGS. 3A, 4A,
and 5A, respectively. FIG. 3A shows an embodiment of a
database 110-1 that includes grid points for mapping fea-
tures 1n which the grid points span the earth 11 1n accordance
with the present application. The database 110-1 1s also
referred to herein as “MCS database 110-1”. FIG. 3B shows
exemplary grid points represented generally at GP-1, GP-,
and GP-k, associated with the database 110-1 of FIG. 3A, in
a grid 255 spanming the earth 11. The exemplary database
110-1 of FIG. 3A includes a first file 111 and a second file
112-1. The features of the first file 111 were described above.

Each grid point GP 1s associated with a latitude and a
longitude of the earth. The latitude and longitude for a given
orid point 1s referred to herein as a latitude/longitude pair
lat,/long,. Long indicates a j” longitude. Lat; indicates an i”
latitude. Since every point on earth 1s uniquely 1dentified by
a latitude/longitude pair, each grid point 1n the second file
112-3 of the database 110-3 1s associated with a geopolitical
region or an international region.

As shown in FIG. 3A, the second file 112-1 of the
database 110-1 includes data that associates at least one grid
point with a geographical location. The geographical loca-
tions 1n database 110-1 are represented as GL1, GL2, etc. in
the first column of the second file 112-1 1n database 110-1 of
FIG. 3A. It 1s to be understood that not every latitude/
longitude pair 1s listed as a geographical location GL 1n the
database 110-1. The processor 130 1s configured to extrapo-
late from a given location (latitude/longitude pair) indicated
by the navigation system to one of the geographical loca-
tions 1n database 110-1 as 1s understandable to one skilled in
the art. The geopolitical regions or international regions are
shown 1n the second column of the second file 112-1 of the
database 110-1 of FIG. 3A. The gnd points (mapping
features) are shown in the third column of the second file
112-1 of the database 110-1 of FIG. 3A. The satellite types
are shown in the fourth column of the second file 112-1 1n
database 110-1 of FIG. 3A. The geographical locations, the
geopolitical region or international region, the grid points,
and the satellite type on a given row of the second file 112-1
are associated with each other as 1s understandable to one
skilled in the art. In this manner, each grid point in the
second file 112-1 of the database 110-1 1s associated with a
geopolitical region or an international region and at least one
associated type of satellite.

Each GLj, where GLj is a j” geographic location, is
associated with one or more grid points in the grid 255. If the
latitude/longitude pair lat/long; for the geographic location
GL, 1s directly on a grid point, that grid point 1s associated
with the geographic location GL, that 1s used to select a
satellite type. However, if the latitude/longitude pair lat/
long; for the geographic location GL, 1s at the center of four
orid points, then all four grid points are associated with the
geographic location GL,. In this case, any one of the four
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orid points can be used for the geographic location that 1s
used to select a satellite type.

The second file 112-1 is a binary file that contains a list of
8-bit values specitying the geopolitical region or interna-
tional region at each grid point.

In FIG. 3B, the exemplary grid point GP-1082 1s located
in north-western Europe, GP-7546 1s located 1n Russia, and
GP-3025 15 located 1n China. In the exemplary database
110-1, the satellite type GPS 1s associated with the third
international region (INR-3), the satellite type Galileo 1s
associated with GP-1082, the satellite type GLONASS 1s
associated with GP-7546, and the satellite type Beidou 1s
associated with GP-3025.

In one implementation of this embodiment, the first file
111 1s 1n Extensible Mark-up Language (XML) format. In
another implementation of this embodiment, both the first
file 111 and the second file 112-1 of the MCS database 110-1
are XML files.

FIG. 4A shows an embodiment of a database 110-2 that
includes complex polygons for mapping features 1in which
the complex polygons span the earth 11 1n accordance with
the present application. The database 110-2 1s also referred
to herein as a “MCS database 110-2”. FIG. 4B shows
exemplary complex polygons represented generally at CP-I,
associated with the database 110-2 of FIG. 4, spanning the
carth A. The exemplary database 110-2 of FIG. 4A includes
the first file 111 and a second file 112-2. The first file 111 1n
MCS database 110-2 1s as described above.

The second file 112-2 of the database 110-2 includes data

that associates a complex polygon with a geographical
location. The geographical locations in database 110-2 are
represented as GL1, GL2, etc. in the first column of the

second file 112-2 1n database 110-2 of FIG. 4A. The geo-
political regions or international regions are shown in the

second column of the second file 112-2 in the database 110-2

of FIG. 4A. The mapping features are shown in the third
column of the second file 112-2 in the database 110-2 of FIG.

4 A. The satellite types are shown in the fourth column of the

second file 112-2 1n database 110-2 of FIG. 4A. The geo-
graphical locations, the geopolitical region or an interna-

tional region, the complex polygons, and the satellite type on
a given row of the second file 112-2 are associated with each
other as 1s understandable to one skilled in the art. In this
manner, each complex polygon in the second file 112-2 of
the database 110-2 1s associated with a geopolitical region or
an international region and at least one associated type of
satellite.

The second file 112-2 is a binary file that contains a list of
8-bit values specilying the geopolitical region or interna-
tional region at each complex polygon.

FIG. 4B shows exemplary complex polygons CP,, CP,,
and CP,, associated with the database 110-2 of FIG. 4A,
arranged 1n a non-overlapping pattern that segments and
covers the earth 11, where 1, 1, and k are positive integers and
CP, is an i” complex polygon. The complex polygons CP,
which are shown superimposed over the earth 11 1n FIG. 4B,
are associated with the complex polygons listed in the third
column of the second file 112-1 1n database 110-2 of FIG.
4A. The complex polygon CP-129 1s shown 1n FIG. 4B to
overlap with Europe. The complex polygon CP-408 is
shown 1n FIG. 4B to overlap with Russia. The satellite types
associated with the complex polygons 1n the third column of
database 110-2 are shown 1n the fourth column of the second
file 112-2 1n database 110-2 of FIG. 4A. Thus, the complex

polygon CP-129 that overlaps with Europe 1s associated
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with the satellite type Galileo, while the complex polygon
CP-408 that overlaps with Russia 1s associated with the
satellite type GLONASS.

FIG. 5A shows an embodiment of a database 110-3 that
includes geographical locations each associated with either
at least one grid point or a complex polygon, in which the
orid points and the complex polygons, in combination, span
the earth 11 i1n accordance with the present application.
Since the mapping features include a combination of com-
plex polygons and grid points, these mapping features are
referred to as “hybrnid mapping features”. The database
110-3 1s also referred to herein as an “MCS database 110-3”.

FIG. 5B shows exemplary grid points and complex poly-
gons, associated with the database of FIG. SA, spanning the
carth. The exemplary database 110-3 of FIG. 5A includes a
first file 111 and a second file 112-3. The first file 111 1n MCS
database 110-3 1s as described above.

The second file 112-3 of the database 110-3 includes data

that either associates at least one grid point with a geo-
graphical location or associates a complex polygon with a
geographical location. The geographical locations in data-
base 110-3 are represented as GL1, GL2, etc. in the first
column of the second file 112-3 1n database 110-3 of FIG.

5A. The geopolitical regions or international regions are
shown 1n the second column of the second file 112-3 1n the

database 110-3 of FIG. SA. The hybrid mapping features are
shown 1n the third column of the second file 112-3 1n the
database 110-3 of FIG. 5A. The satellite types are shown 1n

the fourth column of the second file 112-3 in database 110-3

of FIG. 5A. The geographical locations, the geopolitical
region or an international region, the grid points or complex
polygons (hybrid mapping features), and the satellite type on
a given row of the second file 112-3 are associated with each
other as 1s understandable to one skilled in the art. In this
manner, each complex polygon and each grid point in the
second file 112-3 of the database 110-3 1s associated with a
geopolitical region or an international region and at least one
associated type of satellite.

The second file 112-3 1s a binary {file that contains a list of
8-bit values specilying the geopolitical region or interna-
tional region at each complex polygon or grid point.

As shown 1 FIG. 5B, the grid point GP-262 1s located at
a geographical location 1 north-western Europe. The gnd
point GP-251 1s located at a geographical location 1n the
north-west section of Africa. The complex polygon CP-42
overlaps the southern Atlantic Ocean. In the exemplary
database 110-3, the satellite type Galileo 1s associated with
orid point GP-262 (third row of second file 112-3) and the
satellite type GPS 1s associated with complex polygon
CP-42 (first row of second file 112-3).

The MCS database 110 allows the GNS receiver to
dynamically and automatically determine which constella-
tion(s) of satellites are allowed for use depending on the
airspace that 1t 1s currently 1n, and to automatically switch to
using the appropnate satellites in real-time without any input
from the pilot.

Russian KT-34-01 requirements are used for implemen-
tation of GLONASS. Latest revision to FAA AC20-138D
limits GLONASS to advisory use only, specifically preclud-
ing operational credit for any operation including GLO-
NASS. An internal memory map register (IMMR) 1mple-
ments GPS/GLONASS hybrnid solution for positioning
service only. When the aircraft 1in flying 1n an airspace that
requires the use of GLONASS, the Airspace Multi-Constel-
lation Select feature enables GLONASS. When the aircraft
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in flying in an airspace that rejects GLONASS (e.g. FAA-
controlled), the Airspace Multi-Constellation Select feature

disables GLONASS.
FIG. 6 1s flow diagram of an embodiment of a method 600

of selecting signals input from a plurality of types of 5

satellites 1n accordance with the present application. Method
600 1s described with reference to the MCS system 100
shown 1n FIGS. 2A-2C.

At block 602, a plurality of signals 1s iput from a
multi-constellation 50 of satellites including at least two
types of satellites. At block 604, information indicative of a
current position 1s mput at a multi-constellation-selection
software module 145.

At block 606, the current position 1s associated with a
mapping feature 1n a database 110 of the multi-constellation-
selection software module 145. At block 608, the mapping
feature 1n the database 110 1s associated with a geopolitical
region or an international region in the database 110. At
block 610, at least one type of satellite 1s selected from the
at least two types of satellites based on the geopolitical
region or the international region associated with the map-
ping feature.

At block 612, a current position/velocity/time 15 com-
puted at a compute-position/velocity/time (PVT) software
module 150. The compute-position/velocity/time (PVT)
software module 150 implements the rules for the at least
one selected type of satellite 1n computing the position/
velocity/time. Specifically, the compute-PVT software mod-
ule 150 uses the rules associated with the geopolitical region
to generate navigation data including the position, velocity,
and time to the processor 130 and to the multi-constellation-
selection software module 145.

At block 614, the computed current position/velocity/time
(and any other navigation data required for the geopolitical
region) 1s fed to the multi-constellation-selection software
module 145 from the compute-PVT software module 150.

At block 616, the rules for the selected type of satellite are
implemented. The computed current position/velocity/time
1s output to a processor 130 from the compute-PV'T software
module 150. The processor 130 generates a navigation
signal to be output the rest of the navigation system as
known to one skilled in the art.

As the vehicle 10 moves or as the satellites 1n commu-
nication with the vehicle 100 shift, the type of satellite (or
types of satellite) can be reselected. For example, if the
mapping feature in the database associated with the geopo-
litical region or the international region 1s a first mapping
feature associated with a first geopolitical region or a first
international region and the vehicle 10 moves so that 1t 1s no
longer associated with the first mapping feature then the
computed current position/velocity/time fed to the multi-
constellation-selection software module 1s associated with a
new second mapping feature. If the second mapping feature
1s associated with a second geopolitical region or a second
international region that requires implementation of a dii-
ferent type of satellite, then another type of satellite 1s
reselected from the at least two types of satellites based on
the computed current position/velocity/time being associ-
ated with the second geopolitical region or the second
international region.

FI1G. 7 1s flow diagram of an embodiment of a method 700
ol generating and implementing a database to select a type
ol satellite from a multi-constellation 50 of satellites 60(1-
N), 61(1-N), and 62(1-N) for use 1n a navigation system 100
in accordance with the present application. Method 700 1s
described with reference to the navigation system 100

shown 1n FIGS. 2A-2C.
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At block 702 one of: a gnid of latitude/longitude pairs; a
plurality of complex polygons; or at least one grid of
latitude/longitude pair and at least one complex polygon 1s

generated. Exemplary grnids and complex polygons are
shown 1n FIGS. 2B, 4B, and 5B.

At block 704, 1f one or more grids of the latitude/
longitude pairs are generated, the latitude/longitude pairs 1n
the grid are associated with a respective one of a geopolitical
region or an international region. At block 706, 1f one or
more complex polygons are generated, the one or more
complex polygons are associated with a respective one of
the geopolitical region or the international region.

In one 1mplementation of this embodiment, a grnd of
latitude/longitude pairs 1s generated to span the earth. In
another implementation of this embodiment, the grid of
latitude/longitude pairs 1s generated by: 1) latitudinally
incrementing through a plurality of latitudes from a first grid
point by a respective plurality of latitude units; 2) obtaining
a respective plurality of the latitude/longitude pairs from the
latitudinal 1incrementing; 3) longitudinally incrementing
through a plurality of longitudes from a second grid point by
a respective plurality of longitude units; and 4) obtaining a
respective plurality of the latitude/longitude pairs from the
longitudinal incrementing.

In one implementation of this embodiment, a plurality of
complex polygons are generated to span the earth. In yet
another implementation of this embodiment, one (or more)
complex polygons associated with a respective one (or
more) border are generated. In this case, the one (or more)
border 1s associated with a respective one (or more) geopo-
litical region or a respective one (or more) international
region. In yet another implementation of this embodiment,
the generated plurality of complex polygons are associated
with a respective plurality of borders. In this case, the
plurality of borders are associated with a respective one of
a geopolitical region, and an international region. In yet
another implementation of this embodiment, a plurality of
orids associated with a respective one (or more) geopolitical
region having a respective one (or more) geopolitical border
are generated and a plurality of complex polygons associ-
ated with a respective plurality of international regions are
generated. In this case, the grids and complex polygons span
the earth.

An exemplary case of generating a grid 1s now described
in detail. A computer or processor 1s used to generate this
or1id, which 1s then downloaded into the database 110. A first
orid point 1s defined to be at S90 degrees, EO degrees. Step
north along the Prime Meridian by s, ., where s, .1s the value
of the latitude step. The value of s, . 1s provided in the file
to be downloaded to MCS database 110. For this latitude,

obtain the longitude step s, . using the equation:

360)

51 (latitude) =
360

Siat

cos(latitude)

mjn(360,

Then, starting at the Prime Mendian, define a point at
each step of s, units east along a line of latitude (parallel
to the Equator) until the Prime Meridian 1s reached again.
Repeat these steps until reaching the latitude [90 degrees-
s, .|. Include this latitude 1n the database. The final point 1s
defined to lie at N90 degrees, EO degrees.

The GNS receiver uses the geopolitical region associated
with the MCS database grid point closest to the GNS
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receiver’s current position to determine the allowed GNSS
constellations for the current position. The GNS receiver
uses (acquires, tracks, and makes measurements from)
GNSS satellites from GNSS constellations that are allowed
tor the current position. The GNS recerver uses the geopo-
litical region associated with the MCS database grid point
closest to the GNS recerver’s current position to determine
the allowed SBAS providers for the current position. In the
event that the GNS recerver 1s equally close to two (or more)
orid points, either grid point can be used. The GNS receiver
uses (acquires, tracks, makes measurements, and use aug-
mentation data from) SBAS satellites from SBAS providers
that are allowed for the current position.

In one 1mplementation of this embodiment, the GNS
receiver 1s capable of storing an MCS database having a step
latitude (S,,,) of Vaoth degree or larger. The step latitude
aflects the size of the database file.

EXAMPLE EMBODIMENTS

Example 1 includes a system to select one or more types
of satellites from a plurality of types of satellites 1n a
multi-constellation of satellites, the system comprising: a
plurality of receiwvers including at least: a first receiver
configured to mput signals from a first type of satellite; and
a second receiver configured to mput signals from a second
type of satellite; a processor configured to: execute a multi-
constellation-selection software module to: associate a cur-
rent position with a mapping feature; select at least one
selected type of satellite from the plurality of types of
satellites based on the associated mapping feature; and
execute a compute-position/velocity/time (PVT) software
module 1n order to compute a current position/velocity/time
based on at least one selected input signal mput at a recerver
associated with the at least one selected type of satellite; and
feed the computed current position/velocity/time to the
multi-constellation-selection software module based on the
execution of the compute-PV'T software module to imple-
ment rules for the at least one selected type of satellite.

Example 2 includes the system of Example 1, wherein the
first type of satellite 1s selected from a type of satellite 1n a
currently available Global Navigation System Satellite
(GNSS), wherein the second type of satellite 1s selected from
a type of satellite 1n the currently available Global Naviga-
tion System Satellite (GNSS), wherein the first type of
satellite 1s different from the second type of satellite.

Example 3 includes the system of any of Examples 1-2,

wherein the first type of satellite 1s different from the second
type of satellite.

Example 4 includes the system of any of Examples 1-3,
wherein the first type of satellite 1s different from the second
type of satellite, and wherein at least one of the first and the
second type of satellite 1s an SBAS satellite.

Example 5 includes the system of any of Examples 1-4,
wherein the multi-constellation-selection software module
includes a database including information including: the
multi constellation selection database part number; a list of
currently active Global Navigation System Satellite constel-
lations; a list of currently active Satellite-Based Augmenta-
tion System providers; and a list of geopolitical regions.

Example 6 includes the system of Example 5, wherein the
list of geopolitical regions further includes: allowed Global
Navigation System Satellite constellations for the geopoliti-
cal regions; and Satellite-Based Augmentation System pro-
viders for the geopolitical regions.
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Example 7 includes the system of any of Examples 5-6,
wherein the database further includes the mapping features
including: a plurality of complex polygons that span the
carth.

Example 8 includes the system of any of Examples 5-7,
wherein the database further includes the mapping features
including: a plurality of latitude/longitude pairs that span the
carth 1n a gnd.

Example 9 includes the system of any of Examples 5-8,
wherein the database further includes the mapping features
including: at least one complex polygon; and a plurality of
latitude/longitude pairs that span at least one portion of the
carth 1n a gnd.

Example 10 includes the system of any of Examples 1-9,
further comprising: at least one antenna communicatively
coupled via communication links to at least one first type of
satellite and at least one second type of satellite.

Example 11 includes a method of selecting signals 1nput
from a plurality of types of satellites, the method compris-
ing: mputting a plurality of signals from a multi-constella-
tion of satellites including at least two types of satellites;
inputting information indicative of a current position at a
multi-constellation-selection software module; associating,
the current position with a mapping feature in a database of
the multi-constellation-selection software module; selecting,
at least one type of satellite from the at least two types of
satellites based on the associated mapping feature; and
computing a current position/velocity/time at a compute-
position/velocity/time (PVT) software module to implement
the rules for the at least one selected type of satellite.

Example 12 includes the method of Example 11, further
comprising: associating the mapping feature in the database
with a geopolitical region or an international region 1n the
database, and wherein selecting the at least one type of
satellite from the at least two types of satellites comprises:
selecting the at least one type of satellite based on the
geopolitical region or the international region associated
with the mapping feature, the method further comprising:
teeding the computed current position/velocity/time to the
multi-constellation-selection software module from the
compute-PV'T software module.

Example 13 includes the method of Example 12, wherein
the mapping feature in the database associated with the
geopolitical region or the international region 1s a first
mapping feature associated with a first geopolitical region or
a first international region, wherein the computed current
position/velocity/time fed to the multi-constellation-selec-
tion software module 1s associated with a second mapping
teature that 1s associated with a second geopolitical region or
a second 1nternational region, and wherein selecting the at
least one type of satellite from the at least two types of
satellites comprises: reselecting another type of satellite
from the at least two types of satellites based on the
computed current position/velocity/time being associated
with the second geopolitical region or the second interna-
tional region.

Example 14 includes the method of any of Examples
11-13, turther comprising: outputting the computed current
position/velocity/time to a processor from the compute-PV'T
software module.

Example 15 includes a method of generating a database to
select at least one type of satellite from a multi-constellation
of satellites for use in a navigation system, the method
comprising: generating one of: a grid of latitude/longitude
pairs; a plurality of complex polygons; or at least one gnid
of latitude/longitude pair and at least one complex polygon;
if one or more grids of the latitude/longitude pairs are
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generated, associating the latitude/longitude pairs 1n the grid
with a respective one ol: a geopolitical region, or an inter-
national region; and 1f one or more complex polygons are
generated, associating the one or more complex polygons
with a respective one of: the geopolitical region, or the 5
international region.

Example 16 includes the method of Example 15, wherein
generating the grid of latitude/longitude pairs comprises:
generating the grid so the latitude/longitude pairs span the
earth. 10

Example 17 includes the method of any of Examples
15-16, wherein the generating one of: the grid of latitude/
longitude pairs; the plurality of complex polygons; or the at
least one grid of latitude/longitude pair and the at least one
complex polygon comprises: generating one or more com- 15
plex polygon associated with a respective one or more
border, wherein the one or more border 1s associated with a
respective one or more geopolitical region or a respective
one or more international region.

Example 18 includes the method of Example 17, wherein 20
the generating one or more complex polygon associated with
the respective one or more border, comprises: generating a
plurality of complex polygons associated with a respective
plurality of borders, wherein the plurality of borders are
associated with a respective one of a geopolitical region, and 25
an international region, and wherein the plurality of complex
polygons that span the earth.

Example 19 includes the method of any of Examples
1’7-18, herein the generating one of: the grnid of latitude/
longitude pairs; the plurality of complex polygons; or the at 30
least one grid of latitude/longitude pair and the at least one
complex polygon further comprises: generating one or more
orid associated with a respective one or more geopolitical
region, the one or more geopolitical region having a respec-
tive one or more geopolitical border. 35

Example 20 includes the method of any of Examples
17-19, wherein generating one of: the grid of latitude/
longitude pairs; the plurality of complex polygons; or the
one or more grid of latitude/longitude pair and the one or
more complex polygon further comprises: generating a 40
plurality of grids associated with a respective plurality of
geopolitical regions, the plurality of geopolitical regions
having a respective plurality of geopolitical borders.

Although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary 45
skill in the art that any arrangement, which 1s calculated to
achieve the same purpose, may be substituted for the specific
embodiment shown. This application 1s intended to cover
any adaptations or variations of the present invention. There-
fore, 1t 1s manifestly intended that this invention be limited 50
only by the claims and the equivalents thereof.

What 1s claimed 1s:
1. A system to select one or more types of satellites from
a plurality of types of satellites in a multi-constellation of >3
satellites, the system comprising:
a plurality of recervers including at least:
a first receiver configured to mput signals from a first
type of satellite; and
a second receiver configured to input signals from a ©¢
second type of satellite;
a processor configured to:
execute a multi-constellation-selection software mod-
ule to:
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associate a current position with a mapping feature,
wherein mapping features include at least one of:
a plurality of grid points (GP);

a plurality of complex polygons (CP); and a plurality
of combinations of complex polygons and gnd
points;

select at least one selected type of satellite from the
plurality of types of satellites based on the asso-
ciated mapping feature; and

execute a compute-position/velocity/time (PVT) soft-
ware module 1n order to compute a current position/
velocity/time based on at least one selected 1nput
signal mput at a receiver associated with the at least
one selected type of satellite; and

feed the computed current position/velocity/time to the
multi-constellation-selection soitware module based
on the execution of the compute-PVT software mod-
ule, wherein the system 1s configured to implement

rules of operation for the at least one selected type of
satellite.

2. The system of claim 1, wherein the first type of satellite
1s selected from a type of satellite in a currently available
Global Navigation System Satellite (GNSS), wherein the

second type of satellite 1s selected from a type of satellite 1n
the currently available Global Navigation System Satellite
(GNSS), wherein the first type of satellite 1s different from
the second type of satellite.

3. The system of claim 1, wherein the first type of satellite
1s different from the second type of satellite.

4. The system of claim 1, wherein the first type of satellite
1s different from the second type of satellite, and wherein at
least one of the first and the second type of satellite 1s an
SBAS satellite.

5. The system of claim 1, wherein the multi-constellation-
selection software module includes a database including
information including:

the multi constellation selection database part number;

a list of currently active Global Navigation System Sat-

ellite constellations:

a list of currently active Satellite-Based Augmentation

System providers; and

a list of geopolitical regions.

6. The system of claim 35, wherein the list of geopolitical
regions further includes:

allowed Global Navigation System Satellite constella-

tions for the geopolitical regions; and

Satellite-Based Augmentation System providers for the

geopolitical regions.

7. The system of claim 5, wherein

the plurality of complex polygons are arranged in a

non-overlapping pattern that segment and span the
carth.

8. The system of claim 5, wherein

the plurality of grid points comprise a plurality of latitude/

longitude pairs that span the earth i a grid.

9. The system of claim 5, wherein the plurality of com-
binations of complex polygons and grid points include:

at least one complex polygon; and

a plurality of latitude/longitude pairs that span at least one

portion of the earth 1n a gnid.

10. The system of claim 1, further comprising:

at least one antenna communicatively coupled via com-

munication links to at least one first type of satellite and
at least one second type of satellite.
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